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Abstract: Conductive microcellular foams consisted of polystrene (PS) and polydopamine-coated carbon nanotube
(PDA-CNT) were prepared via high internal phase emulsion (HIPE) polymerization and their morphology and electrical
conductivity were investigated. CNT as a conductive nanofiller was modified to PDA-CNT by coating with hydrophilic
PDA on the surface of CNT to increase aqueous phase dispersion and emulsion stability. It was possible to prepare the
HIPEs having higher PDA-CNT content and the resultant foams having improved conductivity due to its good dispersion.
The foams showed the morphology of interconnected cell structure. As PDA-CNT content increased, yield stress and
storage modulus increased and cell size reduced. The PDA-CNT content showing electrical percolation threshold was ca.
0.58 wt% and the conductivity at PDA-CNT content of 5 wt% was increased to 107 S/m.

Keywords: microcellular foam, high internal phase emulsion, electrical conductivity, carbon nanotube, polydopamine.
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Figure 1. Preparation procedure of polydopamine-coated CNT
(PDA-CNT).
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Figure 2. Schematic procedure for the preparation of microcellular foam via HIPE polymerization.
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Figure 5. SEM images of microcellular foams depending on PDA-CNT content (Note that the scale bar of (a) is different from the others.):

(2) 0 wt%; (b) 1 wt%; () 3 wi%; (d) 5 wt%.
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Figure 6. Effect of PDA-CNT content on viscosities of HIPEs as a
function of shear stress.
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Figure 7. Effect of PDA-CNT content on storage moduli of HIPEs:
(a) strain sweep; (b) frequency sweep.

Zan, #3948 A23, 20153

ol - ol

gk 0.9 ZHo|ng BT Ao At & 5 9
3L Ao 2 wst vk 5889 A1 B ES
N Z7)ol] WS B S ATh. Figure 63 79] 1
£/ A= PDA-CNT9| o] S7istel wf dxo] 2t
o= ¢S & Ais) F

OjM71E WER| S| M7| MZZ. PDA-CNT ghafol] w2
wzAe] A7) Awte W3S Figure 89 YERASITE A%
Wi AQl PDA-CNT #7}o] uj2 pSe] A7) Axx ¥
sls 2 ko] 4L x7]de A PSel 7] Ax
Zof Tk Ao)7} fltt 54 &+ o3 7] Axw
7} F43] SR A% e S7HI71E kel St
szt A3 57150] w8l MES Holal itk 17] A
Tt FA4HA "ekel] AlRehs A3 PDA-CNTZ &
A ol MEYa 725 FAsI A7t 227) A1
3= 4712 YA (percolation threshold) 2 - &= dc}. A
714 AAR olste] k= MEHN AL A ot
EZ Q] PSe] 7] MEwel & Zol7t AN AAIAE o]
Je] dFelM= R MEHNA 725 B3 A7 25
T U= e Eoh 14713 QAL v HE] (power
law) #AAE o] g3te] & 4 Yt

ooc(m-m,)" @

A7, bz QAAF, maz DARAME FFRE, me 3
7}8k PDA-CNT®] FZEgolth. 4] (4)Z o|-&3l] PDA-
CNT®| 2713 QAEES 73 A% 0.58 wt%= Vet A

102

10

10

108

Conductivity (S/m)

10710

T ERTTIT ERETIT MR TTTT I RTTT M RTTTT MM AT M AT WEET

10-12

1 2 3 4 5
CNT (wt%)

Figure 8. Electrical conductivity of PS/PDA-CNT microcellular
foams as a function of PDA-CNT content. Solid line represents a
power law relation shown in equation (4). The triangles taken from
ref. 26 represent the electrical conductivity of PS/amide-CNT
microcellular foams as a function of amide-CNT content.

o



A oEd Sl ol FRlzERl AR el S e R E v | B e] A, RERA] 9 7] dEw 299

7178 JAA olF2 oM FAM Arrrt S71s
PDA-CNT &#¢] 5 wt%ellX= 10° S/meoll slfdsk= 271 %
s UeRAT 9 2H I raw-CNTS: F718E wh2o)
Me 59 o] WEA7F Ao o ONT o] 1.5 wt%
S 233 4 LEA Az AR 7 o9t ¥, PDA-
CNTE 83 nA|7] 3 SEAE 5wi% oS H7kst 2

R de 5 AR, §71
(7} Whal o 2 A Z2gk WA Bls)A

HIPE SO 2 A5 e vA7]E S 7] A=
S Fodstr] g8l A=A Ueg ARl CNTE 283151
th 2 AFoAl= CNTE lER 9] 2o =st =t
CNTol| 215438 Fo33h7] 9lsll PDAZ 7§& gt PDA-CNTE
8319 th PDA-CNTE 3718e] Alzd HxA)= g4
¢l RERAE FASALL o] STkl wet 7]Fe] =
717} Zobxith. PDA-CNT $Hgoll we 7|3 =71¢] W=
HIPES] fHEA B4 53 345399 A% @A & s
2 AW 5 0l B AFolA] Az ulA7]E A
o] A714 UAHS HoIFE= PDA-CNTE| RS oz 0.58
Wt%E UERSTH PDA-CNTS 283 njA| 7|3 HEA =
raw-CNTZ A| %3 YEA o v]a] CNT TFHS 54 -+
A3, F7F 7 A ED 22 ] AEEE He

o},

¥ ¥

ZAe] 2: 2 ATE SHEATATNRF)] 712ATAR]
(No. 2011-0011180) & FA&7]GH ol A Lst= 2013 %
At 35 7)</ AR (No. C0124737)2] A<l 28l
o] FojHF T

F

I
o
o

i

I. N. R. Cameron, P. Krajnc, and M. S. Silverstein, “Colloidal
Templating”, in Porous Polymers, M. S. Silverstein, N. R.
Cameron, and M. A. Hillmyer, Editors, John Wileys & Sons, Inc.,
Hoboken, Chap. 4, p. 120 (2011).

2. N. R. Cameron, Polymer, 46, 1439 (2005).

. 7. Bhumgara, Filtr. Separat., 32, 245 (1995).

4. P. Krajne, D. Stefanec, J. F. Brown, and N. R. Cameron, J. Polym.
Sci., Part A: Polym. Chem., 43, 296 (2005).

5. E. Ruckenstein and X. B. Wang, Biotechnol. Bioeng., 44, 79
(1994).

w

6.

11.
12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

S. J. Pierre, J. C. Thies, A. Dureault, N. R. Cameron, J. C. M. van
Hest, N. Carette, T. Michon, and R. Weberskirch, Adv. Mater., 18,
1822 (2006).

. R.J. Wakeman, Z. G. Bhumgara, and G. Akay, Chem. Eng. J., 70,

133 (1998).

. M. A. Bokhari, G. Akay, S. G Zhang, and M. A. Birch,

Biomaterials, 26, 5198 (2005).

. S. lijima, Nature, 354, 56 (1991).
10.

M. M. J. Treacy, T. W. Ebessen, and J. M. Gibson, Nature, 381,
678 (1996).

J. L. Lee and H. T. Jung, Korean Chem. Eng. Res., 46, 7 (2008).
7. Yao, N. Braidy, G. A. Botton, and A. Adronov, J. Am. Chem.
Soc., 125, 16015 (2003).

J. Y. Shin, T. Premkumar, and K. E. Geckeler, Chem. Eur. J., 14,
6044 (2008).

S. Bose, R. A. Khare, and P. Moldenaers, Polymer, 51, 975
(2010).

C. A. Martin, J. K. W. Sandler, A. H. Windle, M. K. Schwarz, W.
Bauhofer, K. Schulte, and M. S. P. Shaffer, Polymer, 46, 877
(2005).

A. B. Sulong, C. H. Azhari, R. Zulkifli, M. R. Othman, and J.
Park, Eur. J. Sci. Res., 33, 295 (2009).

Y. Wang, J. Wu, and F. Wei, Carbon, 41, 2939 (2003).

A. Postma, Y. Yan, Y. Wang, A. N. Zelikin, E. Tjipto, and F.
Caruso, Chem. Mater., 21, 3042 (2009).

Y. Liao, B. Cao, W. C. Wang, L. Zhang, D. Wu, and R. Jin, 4pp!.
Surface Sci., 255, 8207 (2009).

H. Lee, S. M. Dellatore, W. M. Miller, and P. B. Messersmith,
Science, 318, 426 (2007).

F. Yu, S. Chen, Y. Chen, H. Li. L. Yang, Y. Chen, and Y. Yin, J.
Mol. Struct., 982, 152 (2010).

C. Shi, C. Deng, X. Zhang, and P. Yang, ACS Appl. Mater.
Interfaces, 5, 7770 (2013).

Y. Jiang, Y. Lu, L. Zhang, L. Liu, Y. Dai, and W. Wang, J.
Nanopart. Res., 14, 938 (2012).

S. Chen, Y. CaO, and J. Feng, ACS Appl. Mater. Interfaces, 6, 349
(2014).

W. Lee, J. U. Lee, B. M. Jung, J. H. Byun, J. W. Yi, S. B. Lee,
and B. S. Kim, Carbon, 65, 296 (2013).

W. J. Noh, M. H. Kang, and S. J. Lee, Polymer(Korea), 36, 579
(2012).

H. P. Grace, Chem. Eng. Commun., 14, 225 (1982).

M. C. Hermant, B. Klumperman, and C. E. Koning, Chem.
Commun., 2738 (2009).

H. M. Princen and A. D. Kiss, J. Colloid Interface Sci., 128, 176
(1989).

G. Hu, C. Zhao, S. Zhang, M. Yang, and Z. Wang, Polymer, 47,
480 (2006).

Polymer(Korea), Vol. 39, No. 2, 2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


